Study design: Secondary cross-sectional analyses of a cohort. Objectives: To examine seasonal variation in total moderate-to-vigorous leisure-time physical activity (MV-LTPA), exercise and sport participation in a cohort of individuals with spinal cord injury (SCI). Setting: Community (Ontario, Canada). Methods: Participants with SCI (n¼695) completed telephone interviews regarding their involvement in MV-LTPA along with social cognitive predictors of MV-LTPA. Logistic regression was used to predict the impact of season on participation in MV-LTPA, exercise and sport. Hierarchical linear regression was used to examine seasonal variation in min per day of MV-LTPA in the active sub-cohort (n¼342) with a specific focus on exercise (for example, wheeling), and sport (for example, sledge hockey). Results: Logistic regressions revealed that season did not predict whether participants engaged in MV-LTPA, exercise or sport. Linear regressions revealed that individuals in the active sub-cohort who completed the questionnaire during the winter reported engaging in less MV-LTPA than those who were interviewed in summer (b summer ¼0.14, Po0.05). This pattern was observed for exercise (b summer ¼0.16, Po0.05; R 2 change¼0.018) but not for sport (b summer ¼0.076, P¼0.68; R 2 change¼0.014). Conclusion: Individuals with SCI report less exercise and total LTPA accrued during the winter months; sport was found to be an exception to this case. Spinal Cord (2012) 50, 507-511; doi:10.1038/sc.2012.11; published online 6 March 2012
INTRODUCTION
A substantial body of evidence supports the relationship between moderate-to-vigorous leisure-time physical activity (MV-LTPA); the physical activities that individuals engage in during their spare time, such as going to the gym or playing a sport, 1 and decreased morbidity and mortality among individuals with spinal cord injury (SCI). 2, 3 Indeed, MV-LTPA offers many physical benefits for individuals with SCI such as increased muscular strength and decreased muscular atrophy 3 along with an increased sense of well-being and happiness, and reduced pain. 3, 4 Despite these benefits of MV-LTPA, a growing body of evidence suggests that many individuals with SCI are sedentary; approximately 50% participate in no LTPA whatsoever. 5 This low participation rate is often attributed to many factors such as poor weather, lack of motivation, time and access to facilities for activity. 6 Although people with SCI frequently cite weather as a physical activity barrier, 7 there is no research, to our knowledge, that has specifically addressed and quantified the influence of weather as a barrier to MV-LTPA access for this population. Understanding the impact of weather on MV-LTPA participation among people with SCI will enable practitioners to better focus interventions to increase MV-LTPA during the times of the year that individuals struggle to be active. This topic is of particular interest given that a season-LTPA relationship has been demonstrated in the general population. 8 A systematic review of the evidence supports the notion that total energy expenditure decreases in the winter months for the general population in climates with distinct seasonal weather patterns. This decrease was attributed to shorter days and adverse weather conditions. 8 Weather had a significant effect on moderate intensity physical activity, accounting for as much as 42% of the variance in LTPA behaviour. 8 Part of this decrease in physical activity during winter was due to changes in the amount people walked, the most common form of physical activity in the general population. 9, 10 This decrease was especially apparent during periods of continuous versus sporadic bouts of adverse weather. 8 The purpose of this study was to examine if an association between season and LTPA also is present in the SCI population. Researchers have noted that among people with SCI patterns of LTPA participation are highly variable. 11 Although several factors have been suggested to influence these patterns (for example, pain, weather), few have been examined empirically. Weather is a particularly relevant factor to consider given that adverse weather, such as snow and ice, may present substantial physical barriers to participation in both exercise, in terms of wheeling outdoors for exercise, as well as for sport participation, in terms of getting to and from facilities. Accordingly, the study was carried out in Ontario, Canada where there is a large difference in weather across seasons particularly between summer and winter making this province an ideal geographical area from which to draw participants for this study. Indeed, research by McColl et al. 12 suggests that weather restricts mobility for Canadians with SCI more than American and British comparison groups, presumably because of greater seasonal variability in Canadian weather. We hypothesized that, similar to the general population, MV-LTPA would vary across season for individuals with SCI. We predicted that during the cold winter months, rates of inactivity would be higher. Furthermore, for those individuals who do at least some MV-LTPA, min per day of MV-LTPA would be lower in the winter, compared with during the relatively warmer spring, summer and fall seasons. Our rationale for this hypothesis was that in most regions of Ontario, the sidewalks and streets are often snowy and icy during the winter months, which may provide a physical barrier for wheeling and other outdoor activities; the physical barrier that season presents is an important aspect to note given that wheeling is one of the primary sources of LTPA among persons with SCI. 13 During the spring and fall months, there may be less snow and fewer cold days, presenting less of a barrier to MV-LTPA. Therefore, MV-LTPA may be higher during these months than during winter.
We also were interested in whether season was related equally to sport and exercise participation. This analysis was based on the notion that (a) sport organizations often provide opportunities to participate in both summer and winter sports; (b) the competitive season for sport, such as rugby, often spans across more than one season and (c) sport practices and games are more often scheduled than exercise. Thus, sport participation may be less affected by seasonal variation than exercise participation. We expected to see more variations across season for individuals involved in exercise (for example, wheeling, lifting weights) in comparison with individuals involved in sports such as wheelchair basketball and rugby. We tested these hypotheses using a cross-sectional model to examine if season is related to the amount of physical activity individuals accrue.
METHODS
This study was a sub-analysis of the Study of Health and Activity in People with SCI (SHAPE-SCI). The full methodology and participant inclusion criteria for SHAPE-SCI and its measures are reported elsewhere. 14 As a summary of the methods, a large cohort of community-dwelling individuals with chronic SCI was recruited to participate in three telephone interviews with a trained interviewer over the course of 18 months. Data reported in this study were from the baseline telephone interviews that took place between January 2006 and June 2007.
Participants
Participants (n¼695) were recruited from four rehabilitation centres across Ontario for the SHAPE-SCI. 14 Participants were recruited from a database of patients who had given consent to be contacted for research purposes as well as through notices in SCI-specific publications and newspaper advertisements. Eligible participants were Ontarians with a traumatic SCI that required assistance with mobility outside of the home. All participants were required to speak English, be 18 years of age or older and be 412 months post-injury. The research ethics boards at each participating site approved the study. Participants' demographic and injury characteristics are summarized in Table 1 .
Measures
A number of demographic and injury characteristics were measured including age, sex, years post-injury, pre-injury LTPA, injury severity and mode of mobility. Age was reported in years and verified by checking the calculated age from the birth date. Sex was dummy coded using 0 and 1, where 0 represented male and 1 represented female. Years post-injury was calculated in years by calculating the time between the injury date and the first data collection interview. Pre-injury LTPA was measured by asking the number of days per week individuals were active in moderate-to-heavy intensity activity for at least 30 min before injury. Injury severity was defined by the International SCI Core Data Set definitions such that injury severity was coded as a composite of injury level and completeness as indicated by the ASIA rankings. 15 As a result, individuals were classified into one of the four following groups: (1) C1 to C4, ASIA grade A to C; (2) C5 to C8, ASIA grade A to C; (3) T1 to S5, ASIA grade A to C; and (4) ASIA grade D. Mode of mobility was classified Table 1 Demographic and injury characteristics of participants in any LTPA according to the categories provided by the Canadian Paraplegic Association where 1 represented a manual chair user, 2 represented a power chair user and 3 represented a gait aid user. 16 Season was determined by the date of the data collection interview. Interviews that took place between 22 March and 20 June were coded as spring, between 21 June and 20 September were coded as summer, between 21 September and 20 December were coded as fall, and those between 21 December and 31 March were coded as winter.
The Physical Activity Recall Assessment for People with SCI (PARA-SCI), an SCI-specific LTPA measure, was used to measure the amount of MV-LTPA an individual engaged in over the previous 3 days. 17 Individuals were mailed or emailed a chart that defined four SCI specific, physical activity intensities: nothing at all was defined as no physical effort; mild intensity activity was described as activities that require very light effort; moderate intensity activity was described as those that feel like some physical effort; and heavy intensity activity was described as any activity that required maximal physical effort. All daily physical activities were recalled and classified according to intensities for the 3 days before the interview. In this analysis, only minutes of MV-LTPA were used and classified into sport or exercise. Minutes of moderate and heavy intensity sport (including all reported sport activities such as sledge hockey, wheelchair basketball), exercise (including all reported exercise activities such as wheeling, resistance training) and total MV-LTPA (including all reported sport and exercise activities) were calculated as a daily averages. Participation status in each activity was determined by dichotomizing the sport, exercise, and total MV-LTPA variables (0¼inactive; 1¼active). For each variable, participants who reported 0 min of activity were considered inactive and those reporting 40 min were coded as active. This measure has demonstrated criterion and convergent validity as well as test-retest reliability. The PARA-SCI has also been validated for telephone use. The total number of minutes of physical activity has been found to have a high correlation with physical activity measured by indirect calorimetry, an objective measure of physical activity. 11, 17 
Data analysis
To examine whether season was related to rates of inactivity, we conducted three logistic regressions predicting participation status in MV-LTPA, exercise, and sport. A logistic regression was conducted as a first step, given that the MV-LTPA data were highly skewed (that is, 50% reported no MV-LTPA) and could be best conceptualized as being comprised of two sub-cohorts-active and inactive individuals. Next, we conducted three hierarchical linear regressions predicting min per day of participation in MV-LTPA, sport and exercise for the cohort of individuals who were classified as 'active' (that is, 40 min per day of MV-LTPA). Only the active cohort was used in these analyses, given the large number of zeros that would dilute the effect of season on MV-LTPA within those who are active. For each model, age, sex, injury status, years post-injury and mode of mobility were included as covariates in the first step because they predict MV-LTPA participation and differed significantly between seasonal groups. 6, 18, 19 Season was entered in the second step. In this analysis, season was contrast coded with winter as the referent category. All analyses were completed in PASW Statistics v.18 (SPSS Inc., Chicago, IL, USA).
RESULTS
The majority of the sample was male (76.5%) and had an SCI for an average of 13 years ( Table 1 ). The majority were also manual wheelchair users (59.1%) and had an ASIA classification higher than D (71.6%). On average, the total amount of time spent in moderate-toheavy intensity LTPA per day was 28.0 min (s.d.¼34.0); 22.7 min (s.d.¼28.1) were spent in exercise and 46.5 (s.d.¼46.6) were spent in sport (Figure 1) . Detailed information about the duration and types of activities is available elsewhere. 20 (Table 2) . Thus, there are important demographic differences between those who are active and those who are not.
Impact of season on any MV-LTPA participation

Impact season on duration of MV-LTPA
The participants who reported any MV-LTPA comprised the 'active sub-cohort' . Among active participants, those whose MV-LTPA data were collected during the summer reported an estimated extra 7 min per day of MV-LTPA than those who provided MV-LTPA data in winter (b summer ¼0.14, P¼0.01; R 2 change¼0.012); although the standardized b indicated a relatively small effect. Participants who reported on their MV-LTPA in spring and fall did not report more MV-LTPA than those who provided LTPA data in winter (b spring ¼0.047, P¼0.97; b fall ¼0.047, P¼0.44). Sex and age were significant correlates of MV-LTPA; injury severity and mode of mobility approached significance. Participants who were female and older reported significantly less min per day of MV-LTPA than those who were male and younger (Table 2) .
When MV-LTPA was separated into sport and exercise activities, differences in the predictive value of season were found. In the exercise model, the only significant predictor of moderate-to-heavy intensity exercise was season. Individuals who were interviewed during the summer reported more minutes of exercise than those who were interviewed in the winter (b summer ¼0.16, P¼0.006; R 2 change¼0.018); although the effect was small. 21 Contrary to the models for exercise and total MV-LTPA, there was no difference in the minutes spent in sport for those interviewed in summer compared with those interviewed in winter (b summer ¼0.076, P¼0.68; R 2 change¼0.014). The only covariates that remained significant in the model for sport were age and injury status. Participants who were older and had higher injuries reported less minutes in sport than those who were younger and had lower injuries.
DISCUSSION
Season has a more complex relationship with MV-LTPA for people with SCI than originally anticipated. Our results showed that season does not distinguish between participants who do, versus do not, engage in MV-LTPA, sport or exercise. However, season is related to the amount of daily MV-LTPA that active participants report, particularly when exercise activities are taken into consideration. With respect to participation in MV-LTPA, there may be greater barriers other than season, such as program cost and availability, physical symptoms such as low energy and pain and lack of information about physical activity. 3 As our results would suggest, once individuals overcome barriers to any activity, season has a role in how much MV-LTPA is then reported such that in months were weather is poor and unpredictable, the amount of MV-LTPA accumulated is more variable. Accordingly, the level of MV-LTPA in the active sub-cohort reported significantly between summer and winter. As previous research suggests, individuals in the general population are less active during the winter than summer as adverse weather and temperature form barriers to exercise; this is a pattern noted in our cohort as well. 8 As previously mentioned, previous research suggests that it is continuous poor weather that decreases MV-LTPA; 8 therefore, it is possible that the sporadic precipitation and milder temperatures in fall and spring do not influence MV-LTPA among people with SCI in the same way that winter does. Indeed research from McColl et al. 12 also have suggested weather as a factor restricting mobility among Canadians with SCI. Van Staveren et al. 22 found an estimated 17 min in LTPA difference between summer and winter; in our cohort, there was an approximate 7-min difference. The smaller difference likely is the result of a lower level of overall MV-LTPA in the SCI population compared with the general population. 5 Although smaller than in the general population, the difference observed in our cohort of individuals with SCI is notable. Physical activity guidelines for the SCI population are lower than in the general population (40 min per week versus 150 min per week). 23 A 7-min decrease in activity is equivalent to almost 20% of the recommended amount of physical activity.
Interestingly, weather was related to participation in exercise activities such as outdoor wheeling. Understanding the influence of season on MV-LTPA activities such as exercise allows us to understand when to use resources to promote activities in this population. For example, knowing that individuals are less likely to exercise during the winter months allows health promoters to apply proportionally more resources such as increasing the amount of transportation to fitness facilities during winter and promotional materials. This type of temporal approach may help individuals with SCI accrue more minutes of activity year round.
An interesting finding is the robustness of sport against the influence of season such that there were no significant differences between min per day spent in sport across seasons. Part of this result may be explained by the fact that many adapted sports, such as wheelchair basketball and rugby, can be played indoors and thus are not directly influenced by adverse weather to the same extent as unstructured activities such as play or wheeling around the block; many sport practices require the same time commitment, which may help explain the lack of significant differences between seasons. Selfregulatory skills and social support have demonstrated a positive influence on physical activity participation; 24 these are both inherent characteristics of sport. Indeed, adapted sport organizations often offer both summer and winter sport opportunities for people with SCI. For example, team sports involve others and have games and practices already planned, taking some of the burden of scheduling MV-LTPA off of the individual. Furthermore in comparison with exercise, in the general population sport is often motivated by enjoyment and is done for the task itself, indicating a level of intrinsic motivation rather than extrinsic motivation; this means that those who participate in sport would be more likely to do so in the face of barriers, such as weather. 25 Therefore, it may be possible that our participants who were involved in sport were highly motivated and found ways to get past the barriers of weather to make it to practice whereas individuals who exercised were less motivated to persist in the face of seasonal barriers. Future research questions examining the characteristics of sport and testing whether a sport intervention is effective at maintaining MV-LTPA participation in the same individual across seasons is warranted.
Limitations A limitation of this study is the use of season as an indicator of weather characteristics. Given the size of the cohort and the broad geographical area in which participants lived, it was not possible to use the specific temperature and precipitation data for each participant's locale. However, it is possible that the influence of weather and precipitation is more pronounced than we have estimated in this study by having the calendar determine seasons; indeed this may explain the relatively small effect between season and MV-LTPA. A second limitation is the use of self-reported MV-LTPA data, and in particular one that used 3 days as an indicator of daily MV-LTPA; as a result of the 3-day recall format some participants may not have had the opportunity to report usual physical activity that occurred outside of the specific recall days (for example, regular weekend curling matches). Finally, given the cross-sectional analysis, it is difficult to make any within person remarks concerning the relationship between season and MV-LTPA over time. Further research examining the influence of season-specific factors such as temperature and precipitation is warranted.
CONCLUSION
As with the general population, individuals with SCI are less likely to report engaging in MV-LTPA during the winter months as they are during the summer months. Indeed, season has a small association with min per day of MV-LTPA; however, of interest, individuals involved in sport reported more min per day of activity across all seasons. Therefore, the promotion of sports may be a viable strategy for increasing and maintaining year-round MV-LTPA in the SCI population, particularly through encouraging involvement in both winter and summer sports. Given the seasonal fluctuation in exercise behaviours, such as outdoor wheeling, a proportionally higher effort should be spent to ensure individuals are able to overcome weather barriers and maintain activity year round.
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